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ostly processes in the synthetic polymers in-
dustry require effective process control sys-
tems that allow timely changes. Process

control in the polymer industry is usually achieved
by monitoring the molar mass and molar mass distri-
bution, parameters that determine the end-product
properties. Size exclusion chromatography (SEC),
also known as gel permeation chromatography
(GPC), is the method most widely used to measure
these properties, despite the time-consuming nature
of the test using traditional analytical columns.

GPC is a liquid chromatography technique that al-
lows the separation of polymers by their hydrody-
namic volume (size of the particles in solution) and
ultimately their molecular weight. The separation oc-
curs while polymers in the mobile phase enter pores
of equal or larger size (where they fit in) or travel
through the intraparticle spaces of a stationary phase.
Since small particles can fit into more pores than big-
ger particles, the small molecules are retained longer
in the column. Consequently, large molecules elute
earlier. The separation range and resolution of a GPC
system can be influenced by manipulating pore size
distribution of the stationary phase. This can be
achieved by using two or three columns of known
porosity connected in series during the analysis.

Commonly used GPC systems produce accurate
and reproducible results with typical GPC columns
(8 × 300 mm) and flow rates of 1 mL/min. This flow
rate corresponds to a linear flow of 2 cm/min, and
leads to typical analysis times in the range of 30
min to 1 hr (per injection), depending on the num-
ber of columns used.

Column design

The key to streamlined GPC analyses lies in en-
hanced columns and stationary phases. High-speed
columns and novel synthesis methods for station-
ary phase materials with enhanced high-speed
properties are described here.

Conceivably, at a given flow rate, higher separa-
tion speeds can be achieved with decreased column
volumes. However, there is a critical column volume
below which a dramatic decrease in resolution oc-
curs as a result of a decrease in the absolute number
of pores, the absolute pore volume, and the volume
in between the particles. Moreover, with smaller col-
umn volumes, the analysis of very large particles
would fail from the shear stress. The volume in be-
tween the particles should be 10 times the size of the
polymer to prevent the shear stress that leads to
degradation of large-polymer particles.

In order to minimize the testing time while
maintaining the absolute volumes of conventional
columns, GPC columns with larger diameter and
shorter length (20 × 50 mm) have been designed by
PSS GmbH (Mainz, Germany). The columns can be
used with the same instrumentation and under the
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same analytical conditions as analytical
columns. A sophisticated frit was added
to the column head to support the fast
and steady distribution of the sample in-
side of the column. Additionally, the col-
umn gel material has been redesigned to
minimize column backpressure at higher
flow rates.

Van Deemter curves

Van Deemter curves are frequently
used to evaluate liquid chromatography
systems. As a rule, a column will reach the
best chromatographic conditions at the
curve’s lowest point, i.e., the lowest plate
height. The plate height is a function of
peak broadening and peak shape, which
in turn account for a variety of factors:
• Eddy diffusion—Band-broadening

caused by various flow ways for the
eluent through the column; this will
be influenced mainly by the packing
quality, the size, and the particle distri-
bution of the column

• Axial diffusion—Band-broadening
caused by the decrease in concentra-
tion of the polymer in a certain vol-
ume element in the mobile phase in
direction of the column axes

• Mass transport between mobile phase
and stationary phase—The exchange
of eluent or polymer between the sta-
tionary and mobile phase is influenced
by the eluent viscosity, pore size, and
mass of the particle.

Experimental

All experiments were carried out using
a conventional HP 1100 LC system with
isocratic pump, autosampler, and UV and
refractive index (RI) detector (Agilent
Technologies, Palo Alto, CA). The col-
umns were filled with styrene divinyl ben-
zene (SDV) gels (PSS GmbH). Three differ-
ent-sized columns were used: 20 × 50 mm
HighSpeed column; 4.6 × 250 mm micro-
bore column; and 8 × 300 mm conven-
tional analytical column. The experiments were con-
ducted out in tetrahydrofuran (THF) at room
temperature; the sample concentration was 1 g/L for
narrow standards and 3 g/L for broad samples. The
injection volume was 20 µL. The data were recorded
using WINGPC data acquisition and analysis soft-
ware (PSS GmbH).

Expedited sample preparation was made possible
by using polystyrene ReadyCal standards (PSS
GmbH). Each standards kit contains 10 sets of three
color-coded vials, each having four different molec-
ular-weight fractions of a polymer, preweighed with
known quantities. The concentration was 1.5 g/L
for all standards, in addition to those with molar
masses above 1 million D (0.75 g/L). The injection
volume was 20 µL. The mixtures are designed to
provide a 12-point calibration after three injections.

Results and discussion

Van Deemter curve for different columns

A comparison of the Van Deemter curve for three

SDV columns is presented in Figure 1. It depicts the
chromatographic properties of a HighSpeed column, a
conventional analytical column (8 × 300 mm),  and a
microbore column (4.6 × 250 mm). All three columns
attain their best performance (minimum plate height)
at a linear flow of 2 cm/min. This corresponds to a
flow rate of 6.25 mL/min for the HighSpeed column
and a flow rate of 1 mL/min for its analytical counter-
part. Consequently, a test performed with the High-
Speed column is completed 6.25 times earlier. A typi-
cal 14-min GPC run would be complete in less than
2–3 min for most polymers. An attempt to use such a
high flow in the analytical column would create a
great deal of backpressure shear stress and could de-
stroy the analytical column and the sample itself.

The microbore column optimal plate height is 2
cm/min linear flow, or 0.33 mL/min flow rate. If a
2–3 min testing time were obtained with this col-
umn, the flow rate would have to be above 1.2
mL/min, representing a >7.2 cm/min linear flow.
This parameter is out of specification for optimal
chromatographic conditions according to the Van
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Figure 1 Van Deemter curve for three SDV columns: 20 × 50 mm High-
Speed column, 4.6 × 250 mm microbore column, and 8 × 300 mm con-
ventional column. All column types exhibit their minimum plate height
and best performance at 2 cm/min linear flow. Reference material:
bi-tert-butylphenol (BHT).

Figure 2 Comparative elution times of a broad polystyrene using conven-
tional and HighSpeed GPC columns. SDV conventional 0.8 × 30 cm col-
umn (black): THF, flow rate: 1 mL/min. HighSpeed column (red): THF,
flow rate: 6.25 mL/min.
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Deemter curve. It would also lead to a dramatic de-
crease in resolution and an increase in backpressure
and stress.

Column performance

SDV HighSpeed column performance is presented
in Figures 2 and 3. The figures show expeditious results
with good resolution, accuracy, and reproducibility.

Figure 2 compares the elution times of broad
polystyrene in conventional and HighSpeed col-
umns. The results illustrate the time saved using a
HighSpeed column. It is possible to complete six
HighSpeed runs in 14 min, while only one conven-
tional test is possible. Table 1 shows that faster elu-
tion does not cause significant differences in the
resolution of a polystyrene sample. The results
demonstrate acceptable standard deviations (below
<0.52%) for 10 injections of a broad polystyrene
with a molecular weight of 93,300 D.

A GPC calibration chromatogram is presented in
Figure 3. It illustrates the elution of 12 polystyrene
standards (374 to 2.3 × 106 D) in 10 min, with suffi-
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cient resolution to produce a 12-point
calibration curve. All polystyrene stan-
dards are at least three-quarters baseline
separated. It is important to note that the
first group of peaks (ReadyCal white) con-
tains an oligomeric mixture (MW <2000),
which does not separate as well as it
would when using analytical columns.
This small loss in resolution shown by
the HighSpeed column is possibly due to
the much higher diffusion coefficients
presented by low molar mass polymers,
below 2000.

Cost benefits

Table 2 compares the required instrumen-
tation and analytical time for laboratories
with loads of 10 and 100 samples per day,
when tests are performed with conven-
tional and HighSpeed columns. Assuming
conventional testing times of 45 min/run

by switching to HighSpeed columns, a testing time
reduction of 5:1 is achieved. This dramatic reduc-
tion in resources required to complete the task is
more beneficial to laboratories that handle large
sample loads. In this case, major savings in capital
investment are possible if there is no need to install
multiple instruments to handle the sample load.

Conclusion

HighSpeed columns are designed to run at flow
rates of 6 mL/min without posing stress to polymer
samples or instrumentation. The columns can per-
form at higher flow rates with minimal loss in reso-
lution, as long as the instrument limitations are not
reached (e.g., backpressure in the detector cell).

Optimum column design offers significant reduc-
tions in analysis time, without loss in resolution, ac-
curacy, or reproducibility. These characteristics are
pursued by industries requiring rapid sample
throughput (up to 10 times faster), accelerated prod-
uct screening, “just in time” process control, fast 2-D
chromatography, and low capital investment. In ad-

dition, the HighSpeed columns provide a 6:1 reduc-
tion in analysis time, reduced capital investment, and
cost comparable to conventional analytical columns.

Table 1
SDV HighSpeed GPC column: Accuracy and
reproducibility for 10 replicate injections*

Reference
broad polystyrene 53,000 D 88,300 D 79,300 D
No. of columns Mn %SD MW %SD Mp %SD
One linear 47,000 0.52 93,300 0.28 84,300 0.49
Two linear 46,900 0.51 92,800 0.26 82,800 0.29
Three linear 53,200 0.52 90,100 0.30 80,200 0.11
*THF, flow rate: 6.25 mL/min; UV detector.

Table 2
Analytical time and instrumentation requirements:

Comparison of conventional GPC vs HighSpeed columns*
No. of Analysis Instrumentation

samples time required required
Per Per Conven- Conven-
year day tional HighSpeed tional HighSpeed

15,000 hr 1500 hr 11 1
20,000 100 or or (USD (USD

2000 days 200 days 390,000) 39,000)
1500 hr 150 hr 1 1

200 10 or or (USD (USD
200 days 20 days 39,000) 39,000)

*Calculation based on 46 min/run (conventional, 7 hr/day, 200
days/year.
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Figure 3 HighSpeed calibration curve for polystyrene using ReadyCal
standards between 374 and 2.3 × 106 D.


